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THOMAS S. ARGYRIS, PH.D . 
Department of Path.ology, Up state Medical Center, SUNY, Syracuse, New York, U.S.A . 
The application of 17 nmol of 12-0-tetradecanoyl-phor-
bol-13-acetate (TPA) onto the backs of CD-1 female mice 
initiated 7 days earlier with 200 nmol of dimethylbenzan-
thracene (DMBA) results in a massive accumulation of 
epidermal ribosomes. Ribosome accumulation reaches a 
peak in about 2-3 days, and then slowly begins to return 
toward normal levels. However, by day 10, the end of the 
experimental period, ribosome levels are still above nor-
mal. Marked increase in ribosome synthesis, as indicated 
by increased incorporation of [5-3H]-uridine into epider-
mal ribosomes, indicates that. increased ribosome syn-
thesis plays a major role in the ribosome accumulation. 
Decreased ribosome synthesis occurs concomitantly 
with the decrease in ribosome levels. 
Associated with the increased synthesis and accumu-
lation of epidermal ribosomes is a marked epidermal 
growth, as evidenced by increases in epidermal wet 
weight, total protein, and DNA. As ribosome levels grad-
ually return to normal, the epidermis undergoes regres-
sion and returns toward its normal size, but by day 10, 
the end of the experimental period, it is still slightly 
thicker than normal. 
To determine whether the initiation process itself af-
fects ribosome levels and epidermal growth, both were 
measured for a 7-day period following the application of 
200 runol of DMBA. DMBA results in a small but signifi-
cant accumulation of epidermal ribosomes within 3 hr, 
which remains elevated throughout the rest of the ex-
perimental period. Increased ribosome synthesis, as ev-
idenced by increased incorporation of [5-3H]-uridine into 
epidermal ribosomes occurs only at 3 hr after DMBA 
treatment. Associated with the modest accumulation of 
ribosomes is a small amount of epidermal growth as 
indicated by small increases in epidermal wet weight 
and total pretein, but not total DNA. However, small but 
significant increases in the total number of epidermal 
nuclei/mm of interfollicular epidermis occur, and there 
is a significant small increase in mitotic activity at 5 hr 
after DMBA treatment. 
We conclude that the application of an initiating dose 
of DMBA does have some modest effects on ribosome 
levels and epidermal growth. Some of these effects may 
persist for the entire 7-day period prior to the first 
application ofTPA. It is om· hypothesis that these small 
changes probably do not significantly affect the massive 
epidermal growth and ribosome accumulation following 
the first application of TP A. 
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Epidermal hyperplastic growt h is the form of growth t hat the 
epidermis undergoes in response to damage, no matter how 
induced, and it is a major tra nsfo\'l11ation step in epidermal 
carcinogenesis (for reviews see [1,2]) . 
Epidermal hyperplastic growth involves more tha n just in-
creased cell division; epidermal cells become enlarged and ba-
sophilic, intercellular spaces ar e increased, the rate of terminal 
differentia tion or cell loss increases, and in spite of the latter, 
the epidermis thickens [1). The mechanism by which epidermal 
cells mobilize their protein synthetic machinery for bringing 
about epidermal hyperplastic growth is one of t he cen tral 
questions tha t must be answered if we a re to understand how 
epidermal hyperplastic g1'owth is r egulated. We have recently 
shown that there is a massive accumulation of ribosomes asso-
ciated with the production of a n epidermal hyperplasia follow-
ing abrasion, or the single application of 12-0-tetl'adecanoyl-
phorbol -13-acetate (TPA) to normal mouse skin [3,4]. In addi-
tion, we have demonstrated that in both these situations, in-
creased ribosome synthesis is a key mecha nism in br inging 
about ribosome accumulation [4]. 
Epidermal hyperplastic growth is also the hallmark of tumor 
promotion foUowing the a pplica tion of a tumor prom oter on to 
ini t iated skin of mice (for revi ews see [2,5]). Al though we h ave 
demonstrated that ribosome accumulation is seen 2 days after 
the application of t he tumor promoter TP A in mouse skin 
ini tiated with dimethyl benzanthracene (DMBA) [6], there is 
no information as to the kinetics of the ribosome accumulation 
followin g TPA treatment, nor is there information as to the 
kinetics of decrease in ribosome numbers after the ini tiated 
epidermis begins to return to its normal size. Moreover , we 
know nothing about the role of ribosome synthesis in bringing 
about the accumula tion of ribosomes following the application 
of TPA on to ini t ia ted mouse skin. We present resul ts of om 
investiga tion of the kinetics of ribosome accumulat ion and the 
contribu t ion of ribosome synt hesis to t his accumula tion in 
DMBA-initiated epidermis following the application of TP A. 
For a propel' evaluation of the cha nges in ribosome synthesis 
and accumulation following the application ofTPA on ini t iated 
mouse skin, we must know whether the ini tia ting agent itself 
has significant ly changed the levels of epdermal ribosome syn-
thesis and accumulat ion prior t o the first application of TPA. 
Therefore, we a lso present our resul ts of t he effects of a single 
application of a n ini t iating dose of DMBA on t he synthesis and 
accumulation of ribosomes, as well as on epidermal g1·owth . 
MATERIALS AND METHODS 
CD-l female mice approximately 40 days of age were purchased from 
Charles River Farms (Wilmington, Massachusetts). The mice were 
kept in an air-conditioned animal room wi th a 12- hr light/ dark cycle. 
Food pellets and water were available ad libi tum. The mice were 
allowed about 2 weeks fo r acclimatization before being placed in an 
experiment. At this time, the skin on the backs of the mice is usually in 
the resting phase of the hail' growth cycle. 
Mice to be treated wi th DMBA were clipped, and 2 days later 200 
nn'lol of DMBA in 0.2 ml reagent-grade acetone was applied. DMBA 
was purchased from Eastman ChemicaI Co., Rochester, New York. 
DMBA was applied between 9 and 11 AM. Mice to be treated with TPA 
were clipped and 2 days later ini tiated wi th 200 nmol of DMBA. One 
week la ter 17 nmol TPA was applied to the backs of the mice in 0.2 ml 
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of reagent-grade acetone. The TPA was purchased from Chemical 
Carcinogenesis, Eden Praire, Minnesota. The TPA was always applied 
between 9 and 10 AM . 
For the production of epiderma l papillomas a group of mice was 
ini tiated wi th 200 nmol DMBA and 7 days late r promotion was begun 
with twice weekly applications of 17 nmol T PA. Promotion was rou-
t inely done between 9 and 11 AM. 
T he tech nique for determining the wet weight of the epidermis in a 
unit area of back skin (100 cm2) has been desc ribed [7]. The epidermis 
was separated from the dermis by scraping [3]. 
Epidermal homogenates in 0.25 M buffered sucrose, 4% w/v were 
prepared fTom the pooled epidermis of 9 mice treated with DMBA, 
DMBA and TPA, or from epidermal papil lomas [3]. Usua lly 6 deter-
minat ions were made at each point. Total cytoplasmic r ibosome frac-
tion (TCR) was prepared essent ially according to Blobel a nd Potter [8] 
, except that the ribosomes were isolated from 2 ml of the postmito-
chondrial supernata nt (PMS). We isolated the T CR from the PMS 
because we have shown that with either normal or hyperplastic mouse 
epidermis, we ca n get as a good a quantitative recovery of ribosomes 
from the PMS as we get from the postnucleru' supernatant and with 
less contamination than from the postnuclear fract ion [9]. 
T he acid-soluble pool, ribosomal RNA, total RNA, and DNA, were 
separated using a Schmidt-Thannhauser procedure [1,10]. The rRNA 
and RNA were measured using the extinction coefficient 1 A2o;o Unit 
= 32 /Lg RNA/ ml [10]. We have previously shown that this measure-
ment gives similar results to the orcinol reaction [9]. Protein was 
determined using the Lowry technique [11]. DNA was measured using 
the diphenylamine reaction [10]. 
[5-"H]-Uridine, sp act 25- 30 Ci/ mmol, at a concentra tion of 1.0 mCi/ 
ml in sterile water, was purchased from Amersha m/Searle, Arlington 
Heights, Illinois. The determination of the linearity of the t ime course 
of the incorporation of the [5-"H}uridine in to rRNA and RNA from 
normal and hyperplastic epidermis has been reported [4]. For t he study 
of the incorporation of [5-"H]-w'idine in to rRNA or RNA of normal 
and t reated epidermis at varying in tervals following DMBA or DMBA 
and TPA, mice were injected i.p. with 100 /LC i [5-"H]-uridine, between 
8 ·and 9 AM, a nd sacrificed 3 hr la ter. A 3-hr pulse was used beca use it 
allowed sufficient time for adequate labeling of the rRNA in the 
cytoplasmic ribosomes [4]. 
The amou nt of rad ioactivity in the whole homogenate, and in the 
isolated resuspended ribosomes, was measured by plac ing 0.2 ml of 
each in a scintillation vial, adding 1 ml of NCS tissue solubilizer 
(Amersham/Seru'le), shaking, and letting sta nd for at least 30 min, or 
un t il c1eru', and then adding 10 ml of Omnifluor (New E ngland Nuclear, 
Boston, Massachusetts) made up using reagent-grade to luene. The 
rad ioactivity in 2 ml of the extracts of rRNA, RNA, and the acid-
soluble pool, was determined by adding 15 ml of Aqmlsol-2 (New 
England Nuclear) . The rad ioactivi ty was measured using a Beckman 
LS-255 Spectrometer. The counting efficiency was determined using an 
internal standard, ["Hl-toluene, purchased from Amersha m/Searle. 
T he counting efficiency using the NCS-Omnifluor system was a bou t 
45%, and that of the Aquasol-2 system was a bout 35% [4]. 
Because the amount of rRNA and RNA varied during the course of 
epidermal hyperplastic growth following D MBA or DMBA and TPA 
t reatment, the specific activity was calculated per mg DNA. This a lso 
permitted us to direct ly compare the incorporation of precursor in the 
acid~soluble pool with that in the rRNA and RNA. Since changes in 
the acid-soluble pool occurred, all the incorporation data were normal-
ized to take changes in to account [4]. Briefly, the normalization pro-
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cedure was as fo llows. We present it for rRNA, but t he same procedure 
was used to normalize the data for RNA . 
dpm in ac id-soluble pool/mg 
DNA in hyperplastic epidermis 
dpm in rRNA/ mg DNA in hyper-
plastic epidermis 
dpm in ac id-so luble pool/ll1g 
DN A of normal epidermis 
x = normalized dpm in rRNA/ ll1g 
DNA in hyperplastic epidermis 
Every time norma l, DMBA-, or TPA-treated mice were sacrificed 
for the isolation of ribosomes, a biopsy specimen of the skin was taken , 
fi xed in 10% buffered formalin, a nd processed fo r routine histologic 
study, s taining with hematoxylin and eosin, and for autoradiography . 
S lides for a utorad iography were dipped in NTB-2 nuclear track emul-
sion (Eastman Kodak, Rochester, New York) , and stored for 4 wee ks 
before being developed. In order to guarantee very low background 
activi ty, it was essent ia l t hat the humidi ty in the dru'kroom be at least 
40%. The autoradiogra phy slides were lightly stained with hematoxylin . 
Mice used for mitotic and nuclear coun ts were injected with colchi-
cine at 9 AM and sacrificed 5 hr later as previously described [7]. The 
techniques for epidermal nucleru' and mi totic coun t ing have bee n 
described [7]. Statistical analysis was done using the Student 's t- test, 
and the nonparametric Ma nn-Whitney U test [12]. The p values 
obta ined by both techniques were quite close. The p value reported is 
a lways the lru'ger of the two; p values of 0.05 or less were considered 
significant. 
RESULTS 
Ribosomal RNA Synthesis and A ccumulation and 
Epidermal Growth in Initiated Mouse Epidermis Following 
the Application of TP A 
T able I s h ows that wi t hin 3 hr following the application of 17 
nmol TPA onto DMBA-initiated mouse skin there is a s ignifi-
can t accumulation of epidermal ribosomes (p < 0.001) , as 
evidenced by th e increase in the ratio ofrRNA/ DNA. Ribosome 
accumulation continues to rise r eaching its peak about 2-3 
days. It then gradually decreases toward normal values, but it 
is still significantly (p < 0.001) above normal by 10 d ays, the 
end of the experimental period. The incr ease in rRNA/ DNA 
ratio is not a n artifact due to a lowering of the amount of DNA 
because there is a significant increase in the rRNA/gm e pider-
mis (Ta ble I) . S imilar increases in total RNA are also seen 
following TPA treatment of DMBA-initiated skin (Table I). 
Increased rRNA synthesis makes a major contribution to the 
accumula tion of riboso mes in initiated mouse e pidermis follow-
ing TPA treatment (Fig 1). The data aTe normalized, as ex-
plained in Materials a nd M ethods, to account for t h e fluctua-
tions in the acid-soluble pool (Fig 2). The incorporation of [5-
;jH]-uridine into rRNA is significantly increased (p < 0.01) by 
3 hr after TPA application (Fig 1). It con tinues to incTease 
r eaching a peak at 19 hr, and then gradually begins to return 
toward normal levels . But, by 10 days, the e nd of the exp eri-
menta l period, it is s till s ignificantly (p < 0.01) a bove normal. 
A s imilar p attern of change for the incorporation of [5-:lH] _ 
uridine into total RNA is a lso shown in Fig l. 
The kinetics of th e epide rmal hyperplastic growth associated 
TABLE L The rRNA and RNA of the epidermi.5 of CD· 1 female mice initiated with DMBA and treated once with TPA 
'rime pos t. No. of tRNA mg Hibosomal RNA RNA mg RNA 
TPA determinUlions DNA gm Epidermis DNA gm Epidermis 
Normal 8 0.133 ± 0.015" 0.685 ± 0.060 0.363 ± 0.01 6 1.89 ± 0.063 
3 Hours 6 0.224 ± 0.012 1.04 ± 0.091 0.570 ± 0.023 2.64 ± 0.068 
5 Hou rs 5 0.308 ± 0.027 1.25 ± 0.12 0.759 ± 0.051 3.07 ± 0.15 
L9 Hours 5 0.404 ± 0.023 1.73 ± 0.052 0.929 ± 0.030 3.99 ± 0.34 
1 Day 5 0.400 ± 0.034 1.57 ± 0.16 0.984 ± 0.060 3.86 ± 0.23 
2 Days 5 0.411 ± 0.047 1..60 ± 0.14 0.986 ± 0.074 3.85 ± 0.19 
3 Days 5 0.474 ± 0.053 1.59 ± 0.080 0.921 ± 0.088 3.11 ± 0.20 
4 Days 5 0.416 ± 0.020 1.49 ± 0.094 0.958 ± 0.046 3.38 ± 0.12 
5 Days 6 0.398 ± 0.068 1.24 ± 0.16 0.815 ± 0.075 2.58 ± 0.41 
7 Days 5 0.312 ± 0.020 1.17 ± 0.24 0.714 ± 0.032 2.65 .m 0.14 
LO Days 5 0.297 ± 0.018 1.34 ± 0.030 0.657 ± 0.084 2.97 ± 0.12 
" Average ± standard error of the mean. 
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with the synthesis a nd accumula tion of ribosomes following an 
application of 17 nmol TPA in DMBA-initiated mouse skin is 
shown in Fig 3. A small but significant ( p < 0.01) increase in 
epidermal mass, as measured by the increase in epidermal wet 
weight a nd total protein, occurs within 3 hr afte .. TP A treat-
ment. Epidermal growth continues until about 4 days, levels 
off, and then the epidermis begins to undergo regression, re-
sulting in a decrease in wet weight and protein. At 10 days, the 
end of the experimental period, the epidermis is still signifi-
cantly (p < 0.01) thicker than normal (Fig 3). T otal DNA 
begins to increase somewhat after the increase in epidermal wet 
weight and protein . By 19 lu-, it is s ignificantly (p < 0.001) 
increased over normal. L ike total epidermal protein , it reaches 
a peak at 4 clays, fluctuates somewhat, and then begins to return 
towa rd normal levels. But by the end of the experimental 
period , 10 days, it is still significant ly (p < 0.05) higher than 
normal . 
T a ble II shows the levels of rRNA a nd total RNA synthesis 
and accumulation in DMBA-init iated mouse skin 2 days follow -
ing the 12th application of 17 nmol TP A, and in epidermal 
papillomas. In the chronically TPA-treated mouse epidermis, 
one sees elevated levels of both .. RNA and RNA synthesis a nd 
content. In contrast, epidermal papillomas show a decreased 
synthesis of rRNA a nd RNA synthesis, in spite of th e fact that 
the rRNA/ DNA and R NA/ DNA ratios are increased. 
Ribosomal RNA Synthesis and Acclllnulation and 
Epidermal Growth in Dimethy lbenzanthracen.e-Initiated 
Shin of M ice 
The firs t application of TP A in a 2-stage skin carcinogenesis 
regimen is usually given 7 days after ini t iation with DMBA 
[6]. We therefore next investigated the effects of the initiator 
itself, 200 nmol DMBA, on r ibosome synthesis and accumula-
t ion, and on epidermal growth during the 7 days prior to the 
app lication of 17 nmol TPA. T able III shows that within 3 hr 
there is a small but statistically significant (p < 0.0]) increase 
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TA B L E II. Ribosomal R NA and tota l RNA synth.esis, in papillomas and in the ep idermis of CD· l female mice in itiated with DMBA and 
trea.ted once or 12 times with TPA 
M ouse epidermis 
Paramete r 
N ormal TPA Ix 
+ 2 days 
Ini t ia ted 
TPA 12x 
+ 2 days 
E pide rma l 
papillo mas 
rRN A 
DNA 
RNA 
DNA 
0. 133 ± 0.01 5" 
(8) " 
0.411 ± 0.047 
(5) 
0.379 ± 0.031 
(8) 
0.8 17 ± 0.084 
(9) 
0.363 ± 0.16 
(8) 
0.986 ± 0.074 
(5) 
0.822 ± 0.051 
(7) 
1.64 ± 0. 11 
(9 ) 
Normalized 
dpm in rI{N A 4,435 ± 525 
(6) 
10,600 ± 950 8,765 ± 650 1,865 ± 200 
(9) (5) (7) mg DNA 
Normalized 
dpm in RNA 21,355 ± 2,705 
(6) 
31,140 ± 1,990 23,460 ± 1,010 4,568 ± 425 
(9) mg DNA (5) (7) 
d pm in A"", uni ts' 
mg DN A 
31,440 ± 3,930 
(6) 
70,375 ± 5,845 92, 185 ± 14 ,130 987,550 ± 71,830 
(9) (5) (7) 
gm Epidermis 
100 em" 
mg protein 
100 cm" 
0.167 ± 0.0039 
(8) 
0.441 ± 0.031 0.7(j2 ± 0.025 
mg DNA 
100 cm" 
17.4 ± 2.5 
(5 ) 
0.875 ± 0.042 
(8) 
" Average ± standa rd e rror of the mea n 
" Number or dete rmina tions 
" Acid soluble pool 
T A BLE m. The ra tios ofrR NA / DNA and RNA / DNA in the 
epic/ennis of CD· l fem ale mice treated with 200 nmal DMBA 
'rime pos t. 
DM BA 
Normal 
:3 Hours 
5 Hours 
19 Hours 
I Day 
3 Days 
7 Days 
No. of 
deLerminations 
G 
G 
G 
G 
G 
6 
6 
rRN A 
DN A 
0. 148 ± 0.0086" 
0.240 ± 0.030 
0.277 ± 0.065 
0.242 ± 0.028 
0.235 ± O.Q] 8 
0.296 ± 0.036 
0.2G8 ± 0.020 
" Ave rage ± standard error of t he mean. 
RNA 
DNA 
0.427 ± 0.29 
0.502 ± 0.026 
0.539 ± 0.075 
0.527 ± 0.025 
0.52G ± 0.Q] 8 
0.617 ± 0.064 
0.589 ± 0.026 
TAB L E IV . The incOIjJora.tion of [5."Hl- Uridine into rRNA and 
RNA ill CD· / (emale III Ollse epidermis (ollowing treatment with. 200 
nnw lDMBA 
Time PORt. No. of cl pm/ mg DNA (norma li zed) 
DMBA ohsel'valiol1R 
rRN A RNA 
Normal 6 5,875 ± 630" 33,555 ± 5,595 
3 H our: 6 7,885 ± 625 28,865 ± 1,020 
5 Hours {; 6,695 ± 555 24,860 ± 1 ,325 
19 H ours 6 7,04 5 ± 1, 125 25,200 ± 1,650 
I Day 6 7,045 ± 630 27,120 ± 1,450 
:3 Days () 6,545 ± 345 22,890 ± 700 
7 Days 6 6,()04 ± 720 26,290 ± 1,915 
" Average ± s tandard e rror of the mea n. 
in the ratio of rRN A/ D,NA which reaches a peak a t 5 hI' a nd 
then gradually begins to return toward normal levels, but by 7 
days, the end of t he experimental period, it is s till significantly 
increased above normal levels ( p < 0.01) . S ma ll but significant 
( p < 0.0 1) increase in the ra tio RNA/DNA is a lso seen by 3 hI' 
(Table Il). 
R ibosomal R NA synthesis a::; measured by the incorpora tion 
of [5-:lHJ-uridine into rRNA is ::; ignifi cantly increased (p < 0.05) 
only at 3 hr after DMB A treatment. N o signifi cant increase in 
the incorpora tion of [5-:lH]-uridine in t he total RNA was seen 
(T a ble IV). 
T a ble V demonstrates that within 3 hI' followin g the appli-
(5) (7) 
61.5 ± 6.3 88.1 ± 5. 1 
(5) (7) 
1. 73 ± 0.14 2.80 ± 0.16 
(5) (7) 
ca t ion of 200 nmol DMBA, t here is a signifi cant (p < 0.05), 
alt hough small (26%), increase in epidermal wet weight. E pi -
derma l wet weight t hen undergoes some fluctua tions, a nd by 7 
days, the end of the experimental period , it is still signifi cantly 
increased over norma l (p < 0.01) . S mall increases in total 
protein a re also seen after DMBA treatment. In contrast, total 
DNA is not signifi can t ly increased (Table V) . However , t here 
is a signifi cant increase (p < 0.01) in t he total number of 
epidermal nucl e i/ mm of in terfollicular epidermis (IFE ) (Ta ble 
VI) du e entire ly to a n increase in the number of supra basal 
nuclei. T able VII shows that there is a s ignificant (p < 0.01) 
increase in basal cell epiderma l mi totic activi ty within 5 hI' a fter 
DMBA treatment . The e levations in mi totic activity seen a fter 
5 hr aJ'e not statistically s ignificant. 
Autoradiographic R esults 
Normal epidermis shows cell labeling with CH]-uridine in 
both t he basal and supra basal cell layers, bu t not all cells ar e 
labeled . In hyperplastic epidermis produced by TPA treatmen t 
of DMBA-ini t iated skin and in epidermal pa pillomas, a ll ce lls 
a re la beled, a nd more in te nsely tha n norma l epiderma l cells 
(da ta not shown). 
DISCUSSION 
This investigation demonstrates that increased rRNA a nd 
R NA synt hesis contribu te significant ly to the accumula tion of 
ribosomes and to tota l RNA, respectively, followin g t he first 
applica t ion of ] 7 nmol TPA in epidermis initiated wi th 200 
nmol DMBA. Increased RNA synthesis followin g the applica-
t ion of TPA onto DMBA-initia ted skin has been reported by 
Paul [16]. Decreased rRNA and RNA synt hesis is assoc iated 
with the decrease in ribosomes ancl total RNA as the hyper-
plastic epidermis undergoes r egression. These events are basi-
cally simila r to those tha t occur afte r the applica tion of] 7 nmol 
TPA to norma l epidermis [4, 14, 16-22]. 
We also conclude that 2 days after 12 applications of TPA, 
rR NA and RNA accumulation pers ists just as we have shown 
eaJ'lier a fte r 4 and 8 applications of TPA [6]. In addi t ion, we 
have now demonstra ted tha t a t 2 days after t he 12th applica-
tion, there is an increased incorporation of [5-"H]-uridine into 
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TABLE V. The epiderlll aiwet weight, total protein, and DNA in the epidermis o( CD·/ (em ale mice treated with 200 nnwl DMBA 
Time posl No. of' gm Epiderm is mg Protein mgDNA 
DMBA det.e l'minat ions 100 em' Sk in 100 elll ' Epidermis 100 elll' Epidermis 
Norma l 6 0.153 ± 0.043" 20.1 ± 0.57 0.691 ± 0.074 
3 Hou rs G 0.193 ± 0.01 5 30.6 ± 4.5 0.9J7±0.12 
5 Hours 6 0. 18 1 ± 0. 17 31.5 ± 4.8 0.792 ± 0.1 I 
J9 H ou rs 6 0. 188 ± 0.012 29.2 ± 4.1 0.810 ± 0.030 
1 Day 6 0.180 ± 0.010 29.0 ± '1.5 0.818 ± 0.037 
3 Days 6 0.20G ± 0.0058 31.3 ± 2.5 0.79G ± 0.08G 
7 Days 6 0.25G ± 0.027 39.6 ± 5.9 0.995 ± 0.14 
" Ave rage ± standa rd error of t he mean. 
TABLE VI. The II UIII ber o( basal, ::;uprabasal, and to tal epiderlllal nuclei per mm o( [FE and the nUlllber o( nucleated cell layers in CD· / 
(emale mouse epiderlllis (allowing treatm ent with. 200 1111/01 D.MBA 
Time post No. of Nuc lear Cou nts pe r millimeter of I FE No. of 
DMBA mice Basal 
Norma l 7 154 ± 6.0" 
5 Hours 6 14 1 ± 4.5 
18 Hours G 148 ± :3 .7 
I Day G 158 ± 4.5 
2 Days 9 158 ± 4.2 
3 Days 9 146 ± 5.0 
4 Da.vs '7 150 ± :3 . 1 
5 Days G 158 ± 4.8 
G Days 7 148 ± 2.9 
7 Days G 15G ± 4.7 
" Average ± standard error of l h ~ mean. 
TABLE VI l. The lIumber ul basal and suprabasal cell mitoses ill 
epiderllli" ol CD· ' (cmale III ice lullowing treatment with 200 nlllol 
DMBA 
N umbe r of mi toses pe r 1000 cells 
T im e post. No . or (wilh colchicine) 
DMBA llIi ce 
Basal Supl'abasa i 
Normal 7 12 ± 6.:3" 0 
5 Hours (j G4 ± 13 ~).O ± 4.7 
18 Hours (j ;J I ± 8.0 0.70 ± 0.7(; 
I Day (j 24 ± :3.5 4.0 ± 4.4 
2 Days 9 24 ± 4.7 0 
3 Days !J ;l(j ± !J.4 2.7 ± UJ 
4 Days 7 17 ± 3.3 1.8 ± 1.9 
I) Days (i ;39 ± I:J 0 
6 Days 7 32 ± 6.7 0 
7 Days (j :33 ± 8.:3 0 
" Average ± sta nda rd e rror of the mean 
rRNA and total RNA, indicati ng that enha nced rRNA and 
RNA synthesis probably plays a major rol e in main ta ining the 
increased ribosome and RNA content of the epidermal cells 
chronically treated with TP A. 
Increased ribosome and tota l rRNA content occurs in papil-
lomas, as we have shown ea rli er [6]. However, there is no 
significant increase in t he incorporati on of [5-"H]-uridine in to 
rRNA or RNA of papi llomas. This is due to t he fact t hat there 
is an unusually large increase in the inco rporation of [5-"H]-
uridine into the acid -so lubl e poo l o f' papillomas (Tab le II). 
Thus, normalizing the data for the inco rporation of [5-"H]-
uridine in to the rRNA and RNA of papillomas to take into 
accoun t the changes in the acid-soluble pool results in a slight 
decrease in incorporation of [5-:JH]-uridine into the rRNA and 
RNA of pap iJl omas. 
Initiation of mouse epidermis with 200 nmol DMBA results 
in a small but statistica lly significant increase in a lmost all of 
the parameters measured, except for t he incorporation of [5-
:JH]-midine in to RNA. P reviously, there have been reports that 
the application of DMBA increases RNA synthesis [13, 14], or 
dec reases it [15], but in these reports there was no accounting 
for changes in the acid -so luble pool, nor were the results sub-
jected to a statistical analysis, therefore comparisons cannot be 
TOLal nucleated 
Suprab,,,a l ce ll la.verH 
G4 .3 ± 4.3 190 ± 7.1 2.0 
130 ± 7. 1 270 ± 7.8 2.3 ± 0.07 
110 ± 7.5 258 ± 9.5 2.1 ± 0.04 
113 ± 5.2 272 ± 7.2 2.0 ± 0.02 
104 ± 3.5 2G3 ± 5.8 2.0 
104 ± G.5 250 ± 9.0 2.0 
89.0 ± 6.2 240 ± 8. 1 2.0 
95.0 ± 3.G 253 ± 6.0 2.0 
93.0 ± 2.8 24 1 ± 3.5 2.0 
90.0 ± 3.9 24G ± 5.9 2.0 
easily made. Some of the paTameters (mg DNA/lOa cm~, num-
ber of basal nuclei/mm IFE, number of nucleated cell layers, 
and the number of mitoses/lOaD nuclei) are back to normal 
levels by 7 days after DMBA treatment. Other parameters 
(rRNA/ DNA, RNA/DNA, gm epidermis/lOO cm2, mg protein/ 
100 cm~, number of suprabasalnuclei/mm IFE) are still statis-
tically significantly different from normal by day 7, the end of 
the experimental period. Thus, in t he usual 2-stage carcinogen-
esis regimen, when TPA is first applied 7 days after initiation 
with DMBA, the ep idermis is not entirely normal. The question, 
therefo re, a rises as to whether this significantly affects the 
response of the epidermis to the first appl ication of TPA . This 
question cannot as yet be answered unambiguously. However, 
it is our impression that it does not. The reason we be lieve that 
t he cha nges brought about by the app lication of DMBA do not 
s ignificantly affect the response of the ep idermis to the subse-
quent t reatment with TPA is that for all the parameters 0 far 
studied, t.he magnitude a nd pattern of response of DMBA-
initia ted epidermis to TPA is simila r to the response of normal 
epidermis to TPA [6]. This is not to say that ('here are no 
differences. There are-such as a tendency for the increase in 
epidermal mass fo llowing TPA treatment to remain higher for 
a longer period in ini t iated ep idermis compared to normal 
epidermis [4]. However, we feel that these 'mal l differences are 
probably not significant. 
The results of th is investigation in conjunction with our 
previous study [23] permi t us for the first t ime to strongly 
suggest that the nature of the epidermal hyperplastic growth 
produced by TPA in initiated mouse skin is not sign ificantly 
different from that produced by TPA in normal mouse skin . 
This is consistent with t he suggestion that the production of a 
chronic epidermal hyperplasia is all t hat is necesslITY for the 
promotion of epidermal papillomas in initiated mouse skin 
[24]. If one accepts this hypothesis, then the question is im-
mediately raised as to why hyperplasia produced by agents 
such as acetic acid, mezerein, and cantharidin results in poor 
promotion of epidermal papillomas in mouse skin [2]. This 
question cannot be answered at the moment because there is 
sunply insufficient information about the nature of the epider-
mal hyperplastic growth produced by these poor promoters to 
allow us to compare it with the epidermal growth produced by 
TP A. T herefore, to answer this important question, it is imper-
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ative that an analysis of the n ature of the e pidermal growth 
produced by poor promoters such as acetic acid, m ezerein, and 
cantharidin in initiated mouse skin be undertake n. We have 
undertaken this task. 
The author wishes to acknowledge the expert technical help of 
JoA nn Spiewak and Ka ren Kirkma n, a nd the excellent typing of Mary 
Gravante. 
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